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Frontier Technology Corporation
Edward F. Janzow, Ph .  D.
1641 Burnett Drive
PO Box 486
Xenia, OH 45385

Dockets Management System
US Department of Transportation, PL 401
400 Seventh Street, SW
Washington, D.C. 20590-0001

Date: 05 A p r i l  2000

Re: Docket Number RSPA-99-6283-
HM-230

Gentlemen:

This letter is in response to DOT’s proposed rulemaking to amend
its Hazardous Materials Regulations pertaining to the transporXtation
of radioactive materials to conform to the recommended provisjons
published in the International Atomic Energy Agency document referred
t o  a s  “ S T - l ” .

Frontier Technology Corporation very strongly opposes th(? proposal
to  reduce  the  Al quant i ty  for  californium-252 from i ts  present  va lue  o f
0.1 TBq (2.7 Ci, o r  5040 m i c r o g r a m s )  t o  o n e - h a l f  t h a t  q u a n t i t y ,  i . e . ,
t o  0.05 TBq (1.35 Ci, o r  2520 m i c r o g r a m s ) .

Front ier  i s  the  wor ld ’ s  major  commerc ia l  fabr icator  and cilistributor
of  sea led  Cf-252 neutron  sources . We have shipped or receive<! more than
eight hundred f i fteen Type A shipments of  special  form Cf-252 material
s i n c e  1985. Seventeen such shipments contained Cf-252 contents between
the proposed new Type A l imit of  0.05 TBq and the pre-HM-169 lpre-1995)
l i m i t  o f  0.74 TBq, and an additional four shipments since 199:” contained
q u a n t i t i e s  j u s t  b e l o w  t h e  p r e s e n t  0.1 TBq l i m i t . Approximate:,y  t h r e e
hundred of the shipments, including three having contents above the
proposed new, 0.05 TBq l i m i t , were  internat ional  a ir  sh ipments .  No
s igni f i cant  transport  inc idents  occurred  dur ing  any  o f  these  shipments :
i . e . , zero  radioact ive  mater ia ls  re leases ,  zero  package  sur face  or
one-meter dose rates above normal l imits. In  addit ion , Front :. er has
shipped or received more than four hundred eighty-five empty Yype A
packages of  the designs used for californium source shipments While
most of these were truck shipments, some international shipments were
by air and by vessel. There were no transport incidents during these
shipments, and none of  the packages would have released radioactive
mater ia l  or  emitted  above- l imit  leve ls  o f  radiat ion  had they  contained
californium sources during the shipments. We strongly believt:: that our
incident-free experience with more than one thousand five huntitred
shipments of  Type A packages is  clear evidence that properly c:tesigned,
constructed and maintained Type A packages are quite capable of
withstanding the normal conditions of  transport without endangering any
person or the environment.

Our transport experience demonstrates that the probabil ity of
significant damage to a Type A package containing Cf-252 special form
sources during transport is  very small ; l ess  than one  chance  j.n f i f teen
hundred, o r  0.067 p e r c e n t . Since no amount of experience can preclude



t h e  p o s s i b i l i t y  o f  a n  a c c i d e n t  o r  o t h e r  i n c i d e n t ,  l e t  u s  c o n s i d e r  t h e
result  of  an occurrence which would breach the package,  and release the
sealed Special  Form source or sources. For  re ference , Tables 1 and 2
(appended to  th is  le t ter )  summarize  the  proposed  (ST- l ) ,  presc!nt
(HM-1611, and previous (pre-1995) Type A package l imits and rz,diation
f i e l d  i n t e n s i t i e s  i n  a i r  a t  t h r e e  m e t e r s  c o r r e s p o n d i n g  t o  tho:?e l i m i t s ,
r e s p e c t i v e l y , for  Cf-252 and for  several  o ther  radioact ive  mater ia ls
used  in  sea led  radiat ion  sources . A  m a j o r  h i s t o r i c a l  criteria, f o r
s e t t i n g  A1 quant i t ies  was  to  set  the  A1 1 imit at that quant it]l of
material which would produce a radiation level of one Rem per hour
(10 mSv/hr) at a distance of  three meters from the unshielded material
i n  a i r . Referr ing  to  Table  2, i t  i s  s e e n  t h a t  t h e  pre-1995 A l  l i m i t s
c l o s e l y  m a t c h e d  t h i s  c r i t e r i a , with  the  unshie lded  3-meter racl,iation
l e v e l s  f o r  Cf-252, Co-60, Cs-137 a n d  Ir-192 b e i n g  0.98, 1.03, 1.19 a n d
1.13 Rem/hr, r e s p e c t i v e l y . HM-161 i n c r e a s e d  t h e  A1 l i m i t s  i n  1995
such that the unshielded dose rates at three meters from A1 quantities
became 1.32, 1.58, 2.14 a n d  1.53 Rem/hr,  r e s p e c t i v e l y . The A1 l i m i t s
for these four materials proposed in ST-l  would reduce the 3-meter
unshie lded  dose  rate  f rom an Al  quant i ty  o f  Cf-252 to  0.66 Rem/hr,
whi le  reta ining  the  HM-161 values  o f  A

1
for  the  o ther  three  mater ia ls .

The proposed reduction in the A
i

imit f o r  Cf-252 i s  c l e a r l y  n o t
j u s t i f i a b l e  b a s e d  o n  p o t e n t i a l radia ion exposure rates.

Now we consider an even more severe incident which not only
releases the sources from the package,  but also breaches the ,C::pecial
Form encapsulation and releases the radioactive contents.
Californium-252 i s  a v a i l a b l e  i n  s e v e r a l  c h e m i c a l / p h y s i c a l  forrls, o n e  o f
which  is  Cf-Pd cermet  or  a l loy  mater ia l  as  current ly  made by  Oak Ridge
National Laboratory. This  mater ia l  i s  a  uni form dispers ion  ol:
californium sesquioxide, Cf 03,

2
throughout a larger volume of  a noble

metal, palladium. It  is  ma e by processes documented in the Xterature
(Refs. l - a ,  l - b ,  l - c ) , for the express purpose of  providing a primary
conf inement  for  the  radioact ive  mater ia l . Nei ther  the  Cf O3 nor the
palladium are soluble in water or burnable in air. The C f -Pd mater ia ls
a r e  d u c t i l e , e s s e n t i a l l y  i n e r t  s o l i d  w i r e s  o r  p e l l e t s . The love 1 of
removable  radioact’ve mater ia l  on  the  sur faces  i s  approximate:.y
o n e - m i l l i o n t h  (lo-k ) o f  t h e  r a d i o a c t i v e  c o n t e n t  ( r e f .  2). Should a
capsule  containing  a  quant i ty  o f  Cf-Pd mater ia l  equal  to  the  ].zesent AI
maximum of  0.1 TBq (2.7 Ci) be  breached  and re lease  i t s  contents ,  those
contents would not dissolve in water, burn  or  o therwise  dispe;.se  in  a ir ,
and the mecha ically removable quantity of  Cf-252 would be any about
0.1 TBq x lo-fi o r  0.1 MBq (2.7 microcurie). This is to be compared
w i t h  Cs-137, commonly used in the form of  the salt ,  cesium ch,.oride
(CsCl). CsCl is a powder or granular material  which is easily{
dispers ib le  in  dry  form, and which is very soluble in water and most
other common liquids. Should a capsule containing either the present or
proposed A1 quantity o f  Cs-137 a s  CsCl r e l e a s e  i t s  c o n t e n t s ,  d:.he r e s u l t
w o u l d  b e  2  TBq (54 Ci) o f  d i s p e r s i b l e ,  s o l u b l e  r a d i o a c t i v e  ma’::erial
w h i c h  w o u l d  b e  v e r y  l i k e l y  t o  r e s u l t  i n  s i g n i f i c a n t  contaminaion o f
people and the environment.

Al though Front ier  uses  only  the  Cf-Pd forms in  i ts  sourct::s, Cf-252
is  avai lable  in  several  o ther  forms usable  for  large  sources : greater
than a few hundred micrograms): californium sesquioxide a n d  (:alifornium
oxysulfate, (CfO)2S04. The oxide is insoluble in water and non-burnable
i n  a i r , but may be mechanically dispersible. This form is somewhat more
likely to result in contamination than are the Cf-Pd forms,  bllt much



l e s s  l i k e l y  t o  d o  s o  t h a n  i s  CsCl. The oxysulfate form is maile by
b l e n d i n g  oxysulfate p a r t i c l e s into a larger volume of aluminum powder,
then pressing the powder into a solid. T h e  r e s u l t i n g  p e l l e t  i s
essent ia l ly  non-so luble  in  water ,  non-burnable  in  a ir ,  and
non-dispers ib le . This form is used at Oak Ridge National Labciratory to
make some californium sources for government and research useE<. As with
other californium forms, it has much 1 f37

potent ia l  for  personnel  and/or
environmental contamination than does CsCl.

Reduction of  the A1 l i m i t  f o r  Cf-252 i s  n o t  r e q u i r e d  o r  zustified
from the  v iewpoint  o f  potent ia l  contaminat ion ,  part icular ly  fcfr Cf-252
in the Cf-Pd forms.

Please note that ST-l
s
roposes to  increase  the  A2

l i m i t  f o r  Cf-252 t o  3  x lo- TBq (81.1 millicuries ,  w h i c h  i s  t h r e e
t imes  greater  than the  present  Al l imit  o f  1  x  1!43 TBq, o r  9J t i m e s
g r e a t e r  t h a n  t h e  pre-HM-169 Al l i m i t  o f  3.3 x  10 TBq (9 milliCu ies).
S p e c i f i c a l l y , ST-l proposes to permit Type A shipments of 3 x lo- 5 TBq
of  Cf-252 in  normal  form,  an  unspec i f ied , and thereby conceivzi.bly
despersible and/or  so luble ,  f orm. Thus, t h e  p o t e n t i a l  o f  a  r & e a s e  o f
3 x lo- TBq o f  Cf-252 i n  a  dispersble/soluble  f o r m  i s c o sidtred an
acceptable  r isk . This  quant i ty  i s  approximately  (3 x lo- s TBcl:) /
(0.1 x 10-6 TBq) o r  30,000 t i m e s  t h e

2E!
antity o f  removable  (i.e.,

dispersable o r  s o l u b l e )  Cf-252 f r o m Cf-Pd p e l l e t s  o r  w i r e  ;;;egments
containing  the  present  Type  A l imit  quant i ty  o f  0.1 TBq.

Reducing the A1 l imit  for  Cf-252 wil l  have  adverse  effecl:s.
Frontier uses only Type A packages for Cf-252 shipments because the

c o s t s  o f  d e s i g n i n g , qualifying and using Type B packages are high and
not necessary. We purchase bulk Cf-252 from Oak Ridge in Typo,! A limit
quant i t ies  as  a  means  o f  minimiz ing  certa in  quant i ty - insensi t ive  serv ice
charges and shipping costs. Halving the Type A limit will  double the
number of shipments, thereby increasing the risk of  transport damage and
increas ing  the  potent ia l  exposure  o f  t ransport  workers  to  rad:ation.

Service and transportation fees on a recent shipment of  ii:623
micrograms o f  Cf-252 tota led  $29965, and the  cost  o f  the  calil.ornium
m a t e r i a l  i t s e l f  w a s  $277,380. Total unit cost was $66.48 per microgram.
Reducing  the  Type  A l imit  to  the  proposed  0.05 TBq, or  2520 m:crograms,
w o u l d  e f f e c t i v e l y  i n c r e a s e  o u r  c o s t s  t o  a b o u t  ($277,380/2) t  .(1:29965 =
$168,655 f o r  a  n e a r - l i m i t  q u a n t i t y  o f  2312 m i c r o g r a m s ,  o r  $72 95 p e r
microgram, a n  i n c r e a s e  o f  9.7%. T h i s  w i l l  r e s u l t  i n  p r i c e  i n c r e a s e s  f o r
the neutron sources we fabricate. T h e  h a l f - l i f e  o f  Cf-252 i s  o n l y  2.7
years, so industrial  equipment requires on the order of  ten source
replacements over a l i fe of  twenty years. I n c r e a s e s  i n  source:! p r i c e s
could  resul t  in  dec is ions  to  d iscont inue  use  o f  ex is t ing  equipment  or
to forego the purchase of new equipment. As much of the equi])ment in
which californium sources are used relates to environmental  ir’\prnvement
or  personnel  sa fety  (coal analys is ,  cement  productii‘tn contro l ;hazardous
waste analysis, e x p l o s i v e  d e t e c t i o n , t o x i c  m a t e r i a l s  a n a l y s i s  :?r
d e t e c t i o n , contraband detectilrjn, et:z.‘t decreasing the Type A Limit
f o r  Cf-252 coclJ i.!!tiTl<:tely r e s u l t  i n  signif icant adverse env .rQnmental
o r  h e a l t h  effects.

Frr-!n t ie:- has a substantial. investmerit  in  Type  A packages  for  Cf-252
shipment quant it ies a b o v e  t h e  pr~p~~~d  0.05 TBy l i m i t . Some ikre
d e s i g n e d  ~CX- s p e c i f i c  wstctmers t o  m a t c h s o u r c e  a r r a y  requirel:?ents. A
genera I --purpose uni t f(x f i v e  m i l l i g r a m s  o f  Cf-252 (0.1 TBq) j.s
appr{ximately f i f t y  i n c h e s diameter by 64 inches long and weic;rhs 7400
peunds . A specialty conta iner fw californium s o u r c e s  i n  r o d  a r r a y s  i s



approximately 49 inches diameter by 192 inches long and weigh5 about
6900 pounds. Reduct ion  o f  the  Type  A l imit  to  0.05 TBq wi l l  render  such
packages unusable. Not  only  wi l l  we  lose  our  des ign ,  analysis’, and
f a b r i c a t i o n  c o s t s , but we will need to decommission and dispose of the
units . Since Cf-252 sources are neutron emitters,  parts of  the packages
may contain activation products. This  impl ies  surveys ,  contrcllled
di smant lement , and/or  d isposal  o f  act ivated  components  as  radjoactive
waste. F r o n t i e r ’ s  t o t a l  c o s t s  r e s u l t i n g  f r o m  t h e  l o s s  o f  theE(e p a c k a g e s
due to DOT decreasing the Type A limit are not known, but would be
expected  to  be  on  the  order  o f  $500,000, exc luding  the  costs  cif
designing and constructing new specialty containers.

Front ier  expects  loss  o f  future  source  sa les  should  the  Type  A
l i m i t  b e  d e c r e a s e d  t o  0.05 TBq f o r  Cf-252. Appl icat ions  ex ist  which
require  Cf-252 sources  or  source s e t s  i n  t h e  0.05 t o  0.1 TBq r’ange;
Frontier has delivered sources for such requirements in Type II. packages.
Californium for  those  appl i cat ions  which  do  not  require  a  s ingle  po int
source of  neutrons may be divided into two or more sources ancl. shipped
in several packages, but  only  at  increased  expense ,  exposure  and r isk  to
workers, the public and the environment. Sources  for  appl i cat ions
requir ing  greater  than 0.05 TBq in  a  s ingle  source  could  be  shipped only
in a Type B or C package, which  is  impract ica l  due  to  the  ver;;’ h igh
c o s t s  a s s o c i a t e d  w i t h  c e r t i f i c a t i o n ,  c o n s t r u c t i o n ,  licensing j’ees a n d
use of such packages. F r o n t i e r  w i l l  b e  e f f e c t i v e l y  f o r c e d  out o f  t h e
large Cf-252 source market, and users of such sources may be unable to
find a replacement supplier. Frontier has already been unable,! to
complete  a  b id  on  a  3700 micrograms (0.074 TBq) contract  for  cilelivery
overseas  due  to  uncerta inty  in  our  abi l i ty  to  ship  the  producl:.

We request that the present A1 v a l u e  o f  0.1 TBq f o r  Cf-2!%! b e
reta ined. I f  t h a t  r e q u e s t  i s  r e j e c t e d , we request that the present A1
value  be  reta ined  for  spec i f ied  chemical  and phys ica l  forms olr mater ia l
containing  Cf-252, inc luding  the  Cf-Pd cermet  and a l loy  forms

R e s p e c t f u l l y ,

President



Table 1

A1 & A2 L i m i t s

per: Proposed ST-l Present Previous
Aug 30, 1995

[HM-2301 [HM-1691 DO-l-94 edit ion
o f  49CFRl

I Proposed I  I P r e s e n t I I Previous IT l/2
I (ST-l) II II I Years
IAl I A2 IIA1 IA2 1 1 A1 I A2 I
I I II I I I I I

cf-252 15XlO-L ml3X10-' %I lo.1 m Ilxlo-' TBq Il.074 TBq l3.3~10-~ '+Bqj2.65
11.35 Ci IO.0811 Ci 112.70 Ci lo.027 Ci 112.0 Ci 10.009 Ci
12520 uq l151.2~.1a 115040 UQ 150.4 UQ 113730 UCT 116.8 UCJ 1

Co-60 14x10-' TBqI4x10-' mqll0.4 TB~ lo.4 TB~ II I 15.27
110.81 Ci 110.81~Ci  1110.8 Ci 110.8 Ci 117.0 Ci 17.0 Ci l

Cs-137 12x10" TEQ16~10-~ TBql l2.0 TEQ lo.5 TBq 1 l I I
w i t h  154.05 Ci 116.22 Ci 1154.1 Ci 113.51 Ci 1130.0 Ci 110.0 Ci 133

dauqhte I I II I I I I I
Ir-92 11~10~ TRqI6~10-~ TBqlll.0 TEQ lo.5 TB~ 110.74 TEQ l3.7x1o-1 'k3qI

127.03 Ci 116.22 Ci 1127.0 Ci 113.5 Ci ll20+0 Ci I10 Ci 174.5

unknownl0.1 TEQ IO.02 TEQ 110.2 TEQ IO.02 TEQ ll I I
Beta 12.703 Ci 10.541 Ci 115.0 Ci 10.5 Ci 112.0 Ci 10.4 Ci I
Gamnal I II I II I I
only I I II I II I I
UnknownlO. TBq l9x1o-s TBqIlO.1 TEQ 12x10-+ TEQ II I I
Aloha 15.405 Ci 1.0024 Ci 112.70 Ci 15.4x10-4 Ci 112.0 Ci 10.002 Ci I



Table 2

Dose Rate @ three meters from A1 a n d  A2 q u a n t i t i e s  (unsheildctd)

Proposed Present
(ST-11 (HM-169)

Previous
(Pre 1995)

I Al I A2 11 Al I A2 II Al ,I A2
Cf-252 10.661 I .0396 Ill.322 I .0071 110.978 1.0044

I Rem/hr I Rem/hr I IRem/hr I Rem/hr I IR&hr I Rem/hr
I I I I I I I .I

Co-60 11.586 R/hr 11.586 R/hr 111.584 R/hr 11.584 R/hr 111.027 R/hr 11.027 R/hr
Cs-137 12.140 R/hr 1.637 R/hr 112.140 R/hr 1.534 R/hr 111.187 R/hr 1.396 R/hr
W-192 11.532 R/hr 1.919 R/hr 111.532 R/hr 1.765 R/hr 111.133 R/hr 1.567 R/hr

Dose rates from Cf-252 based on data in Ref. 3, o ther  dose  rates  based
on data from Ref.  4.
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